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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting 
element, which uses a nitride semiconductor substrate 
consisting of a nitride semiconductor film having a good 
crystallizability and is formed with an electrode on its rear 
surface, and to provide a nitride semiconductor element 
such as a light-receiving element. 

SOLUTION: A nitride semiconductor substrate is obtained 
by growing a nitride semiconductor film in a film thickness 
of 100 |im or thicker on a substrate consisting of a 
material different from the nitride semiconductor film, and 
by removing the obtained substrate from the nitride 
semiconductor film. The surface of the semiconductor 
substrate is grown into a surface polished until the 
difference between the recesses and projections of the 
surface of the semiconductor substrate is reduced to ±1 
jam or smaller. The irregularity of the surface is prefered 
to be ±0.5 jam or smaller. The semiconductor substrate is 
doped with n-type impurities. 
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[0 0 4 5] (n{l!ij3>^i7 hli2 3) A 7 77l2 2 

TMG0M0T, Mfltftl 0 5 Ot^t±# 50 
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lOSOtt^fcfi, TMAtT^-T, 
v-^>#XSr/IH>, S i^ixio" /cm 3 F-yL)t 

[0 0 4 6] (i7^-/^KJih®2 4) ^{C, S^8 0 
OTMcLT, !S£|-#XtCTMG, TM I (HJ^fMlz-f 
>i^A) % T>^-T> ^Ml#>;tfX^>^>;tfX£ffi 
^ S i £5 X 1 0 ,8 /cw 3 h-ybfc I n.. , Ga,., 
Net QtSLZ>#yy!7ffi±m2 4*5 0 0;t>^X bo- 
AOJKffTricfi513:*. £<B*5y*|»iklB2 4ttl n 

c ch(Cct d , a i *^timt^mwm$*\z9 

vZWitmV&l 0 0#>ifX bn-AfiQ:, 0, 5/zm 
WTOMJ»T^fi^1±ac:^7JW*U^ 0 1 0 o*>£/ 
X b P — Act D fcSSS^tftfrSEOck o \z?? v ?&5±£: L 
TflyBUC<<, 0. 5 MmJ: D 

[0 0 4 7] (n#J^-/ H12 5) ^JC, iBffi£ 1 0 
SO'CtcLT, JjgJfWXtCTMA (hU/f JI/7i^r 
r>A) % TMG> NHj > S i H 4 SrfflV^ Si^lXl 
O l9 /cra 3 F — :/Ljfcn5!A 1 . . t G a 0 . . Net 0 

:>^>#X, TMA&ik^ />K-ycDGaNet O^ct 

2 «S: 2 0^>^X hD— A<^lie»T/5ifi*ii-a 0 
-tbT»l» + «2B + »lJB+»2JB+ • • • 

ct-5jc@t&TJi^ii^jcL^ fn^naiisiooi, 

tcl£— mmifl 10 0 ^->^x b n— £ <E>\z1tT3i 
L<tt7 0t>yxhD-A£lT, **>ff*L<tt4 0 
^->i^X h D-AWTcDSlMcffii«^Wei:a^t#l¥# 

[0 0 4 8] (n#J^-r H@2 6) ^^T, 10 50 
r^TS i & 5X 1 0 ,s /cm 1 K-AfcnSGaNiD 
&5n«W HH2 6^0. 1 ^mCDllMi-?T^:-S$-y: 
a e HOn<M?t^f-r F®2 6tt, ffi'fflWl'FIt 
LTfPfflL, GaN, I n G a N&fiESS-tta C 
^b<, MtS'l 0 0^>^X hP-A-5 um. ZZlZ 
*b<tt2 0 0*>^X hD-A- l fjLm(Dimm^!$. 
RStS^tatgiLK ^43, Z^mtn-i HI2 6fc 
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14. 1 ©US. ^2 ©)B©4>&< Jtnl^${ 

[0 0 4 9] (W12 7) Jfcfc. HsfWXlCTMG, 
TMI, 7>t^7, ->^>^^SrJHViT?S'l / J!Ji 1 6 & 

S-TS i &8X l C'/cm'-CH-^bfel n 0 .,Ga 

... NJ;I9&£#FII&2 5^->^X hD-A©JIg|?T- 10 

-flflET. S i £8X l 0"/cm s F-^bfc I n„.., 
Ga..,,N«fcDft-5|8>atJB ; £5 Ot>^Xhn-A©I 

2 El* 9 iSU «»fc#F 
I^ftllfeMJIl 7 5*>^7 h-D— A©#ffiffi^ 
#Ffltift (MQW) ©7St±g2 7 ffitfeU 

Flick 0 fc/\*> F^-v 2/ ^x^;P*— *»/Jxav»(i«JHi 

CO 0 5 0] Wt7^I2 8) ^fc. SM105 0 
■CfcJiMF, TMG, TMA. 7>tZ7, Cp,Mg 

2 7«fcD ! bA> K^t7mM-^i<, Mg& 
1 X l 0'°/cn. s K-AfcpSAl,. , Ga„.,NJ:0 
&5+ty7B2 8 2:3 0 0^">^X h D— A©JJMJP"C 
<Sfi$-a-S„ iffl+t7^l2 8llpS^i!|$K-7' 30 

VTwmmznfc imtLx^&<. tMfSKijp 

S^ttttS ^t7^I2 8<Z>JHgJ9 

ttO. 1/imOT, 55l:^t<tt5 0 0*>^h 
a—AUT. StSf S b < « 3 0 0 1>^7. h D-AK 
TtCilSS-r^. 0. 1 jum«fcO»V»JftUTiifcR3-a-5 
+f^|2 8n|a(c^5y ^At^tXfcD. f£ 

£;fc*-v |J7*^CI^M- h>^;i^4*JC 
ctOMjMT#^<^CS. A 1 ©|a/i!tJt»^#^A 40 

1 G aNg?*Kfl2j&^5<hLD^l4fEffib^<& 
-So tfljxtf. 2£(±0Al,Ga,.,NTibn 

«5 0 o*>^x i-D— AKTfciwsrrs^t^ais l 

+^ 7^12 8 ©)I&P©TI$U4#»c|!a^b&t^\ 
bn. 

[0 0 5 1] (pfflWh'i2 9)M^Ti 0 5 0'C 
T% A-> F^r ^i*;^-*s*t y 2 8 «fc 0 t> 
/JvSl*. Mg£l x 1 0"/cb' K-7LtpIGaN 
J; 0 &4 h'I295:0. 1 p,m<Z>mWVj$.& 50 
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£-tt£„ C©Jltt ( fSffii©^;tf< KIltbTttUlU 
nM^HI15i:|?|i;<GaN, InGaNT^fi 
S^^t^iJLl/i. dOJBttpffll^y KJH 

**atfi*«*IR©ny7rHtUT'b^fflU. 10 0^- 
>^hD-A~5ym, $ 6 K*f £ b < tt 2 0 0 

Jap*LV»3fctM" COpfflBfaET-f F 

ffl tt iffifif ttM g ^ © p S^*E#I $H-/LTpi© ^ft 
SttS^, #fC^M#)£F->''b&<Tt>&^. fc 

pITMIj^ F— :/b&V:>/> K— y-efc&n. 
[0 0 5 2] ( p!gj$ ; fB = pii? 7 y Ki 3 0 ) jj& 
l^T, 1 0 5 OtTMg^ 1 X 1 0 ! "/cm 1 H-yifc 
P?SA 1 „. , G a„. , N«fcDfc£#§ 1 ©JI£2 0*>ifX 

Mg&l X 1 0 ,0 /cm 5 H-^b&pSGaNJ;036:-5 
lfl2©JB<£2 0^->^X Nn-A©j$JftT/£-ft£-tf-.5. 

■eiTe©i^^^nfni o oiattoigu 

0 . 4 m m©]®^ JS «fc 0 p ffli? 5 y F Ji 3 0 & 
PXT^. COHJn»77 FJS2 5 i:|B)i;<^^ UT 

■a--5fcj6©ra<tbTfisffl-r?). z.ovmz 1 ?? vm<om 

M%m\z.m.^ts.^i)^ 1 0 Q^-y^f-x ha— AJMii. 

[0 0 5 3] **I^IOJ;5(c I n G a N J; 0 -5 ft^P 
#Jifi©#FJS*#TSffi1<feJS©«-&. -€-OJgttJH2 7{C 
SJbT. HK^O. 1 jtimfilTOA 1 S^ttS-ft*i|£W*: 
cfc07 l J;-5pia+^-yy)12 8Sa5itt, t«Dpfi+ty^ 

ji 2 8 «t d festtH^sfiiinfcttflifc, pg+t ym 

2 8 «t 0 fcAy y yx^;p^— *t/hSVi p#J^ 

I'f ; i2 9 $rffiitt. p#J3t^T-f H@ 2 9 «fc 0 fcffi'tt 

m & e. @infc-e:® tc . p h ji 2 9 «t 0 =t> a > k 

JB J: 0 pfll^ 7 -y H» 3 0 d tC0 

Sb^„ b^fepia^^-y^lil 7©J|^g-0. 1 
J^Ti?^<8SJgbT$)-5fcJ6, +t l J7fflA'U7iH 
tfUHTSHiHfc*:. pJH*»6ffiAStlfciETLj!>*. h> 
*;i^ft*»c «t 0pS+t7yil7&i0 felts c 

1 7 ©A*> F^-v y ^X^P^-j&f^iVjfcjft, 

«-p©sk^*±# txt), a * v> t4ffi Am^a ! ffi3onf x 
^ © t , ruaffflit?7it©{a ulds seiji-r set ^tt 
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[0 0 5 4] (pto>^^7M3 1) Mil, 105 
0tT> pffl^^y FJB3 0©±IC\ Mg£2X10'° 
/cm 3 H - p i G a N j; D & ^ p >^ ^7 hjg 
3 1*1 5 0*>?Xba-&<DmmT*&-&2i£Z>o p 
#Jn>^^ hJS3 1 lipSo I n x A 1, Ga,.,. T N 

(O^X. 0<Y, X + Y<1) ^*JjcT*c:fc**T*, 4? 
*KBMgSH-yLjSiGaNttn«, p IBS 3 2 

^>^^ MB3 i fejSt&TJifr^ei^feT^^o 10 
sa*sioita2©iits«iu ^1+^2+^ 

> H^ir^yx*^*— 3^/hSV^o)(3WfllttI-r*«k5 
fcT^>^, pil3 2 tlBFSU^— 5!y^ttjS*«#6 
n^o pllffi3 2(D^jB|. < hbTtt, #iJx.fr£N i , Pd, 

TttpSA ltGa,. y N^pffl^77 HI3 0 \zm 
IX, A> K4=V!y^x*;i/4=— flD/h^ii»t**W-l*: 
&ptfl'Jr3>^ MB 3 1 tit, ^-0OHMi^*4 0 0^> 20 

Ml 3 0^^U7 p j»ft^ift<JS:0 pfl«3 2 
i:jfSLW-^7^M#SnT, Pff^<DB3ffifgSiE, ft 

[0 0 5 5] ejsktbk jaffi*aja*TTtf, 

fi*Sfflfl[«P, ^x — A&JxJfc^ggftlC&^T, 7 0 0 

[0 0 5 6] 7--U>m r>x— A*KJS*gS*6 
IRDtUU El 1 ICtkT J; 5 fC, RI EgiCctDill 30 
6Dp«n>^/7 hm3 1 <h, pfl)^7^ FJS3 0 <h£:X 

dcDJc^lc:, ffl-fJigiD *>±mz$>2>x>m<D 

[0 0 5 7] #cfcpffi|n>^# Mi 3 1<£>»J y^SigiBj 
fCN i tAuJ:0&5pM3 2«h7-f 40 
T^o — 2j + TitAl <t 0)&:SniaeS3 3 ^Sfi2 1 

[0058] mmmnm, mmmmn^^^^^yi, 
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#j^^coMi5j (101-0) rtiggg 

Wtik\Z p MffiH^PfTfe^foIT, A-WLTl — if^ 1 
^^IL ^(C5 1 77$:7i-X77 ^ (2E^i:h: — 

2. 5 k A/cm 2 , B8ffl«JEE4. 2 VT\ 5SUBSc-fi4 0 
5 nmOaigg§EJg^gg$tl, 1 0 0 IJ$P H 1W±:C0^#* 

[0 0 5 9] 

mw<D$j)%:] £i±mwLtc£o\z, ^m<DMikiz<k 

Z>£* «T WST'^ftA^ fcG a NS^T^S J: 

a A s ^ffl^^bfe^VNWXOct^tcffi^J^v^fi;^^ 
A*-f X tc b£:P$lcte, AU©3£4£#J^ D{ii$n 

[01S<DffflWcCBaW] 
21 Ga N^tffi 

2 2 • • . • nvvrm 

23 n#j3>^^7 b/g 

24 P^vtrWkm 

25 nM{7 7v Mi GSf&TJl) 

26 n«3t*f-f HI® 

2 7 • • ■ • ffittli 

2 8- • • • ^^yji 

29 p#J^^J< HJB 

30 P«?5y HH Officii) 

31 pffin>^^ MB 

32 p mi 

33 n ftS 
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33-41 »3>m*F 
22:A* ffrM' 
21:S« 
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HA02 


TA04 


TB03 




TB05 


TK01 


TK.ll 






5F041 


CA04 


CA05 
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CA85 






5F045 


AA04 
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ABU 


AB17 
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AC03 


AC07 


AC08 


AC12 


AC13 
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ADO 7 


AD08 


AD09 


AD10 




AD11 


AD12 


AD13 


AD14 


AF09 




BB12 


CA10 


CA13 


CB10 


DA53 




DA54 


DAS 5 


DA62 


DP07 


DQ08 




EB15 


GH09 


HA1G 
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JA07 


JA08 


JA09 
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KA03 
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